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ABSTRACT - -- - - - - - -^ --- - - - - --- -- 

^ In this brief reyxeWf research on varying types of 

instructional materials is summarized. The evidence indicates that 
the textbook is the most widely used instructional material, and few 
teachers appear to use any other materials more than five times a 
year. Research findings oh the value of thei use of manipulative 
materials seems I clear i -theyi hav^ probability of increasing 

achievementy-ahd-appear-^to-^ in_prbviding a f irm _ __ 

f oundation-f or developing-jnat^ 

tests shape the curriculvuni studre indicate that the match of topics 
between the two cannot be taken for granted. While most children at 
all grade levels have access to or own calculators, few teachers 
actually use them in the mathematics classroom. Nevertheless, 
achievement scores are as high or higher when calculators are used 
for jfiatheiBatics instruction as when they are hot use^ The usefulness 
of computers is accepted^ -but the task of ihtegratihg them into the 
curriculum hits just star the findings is discussed, with 

illustrative references cited. (iOTS) 
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Research on Instructional Materials for Mathematics 



Viristructiohal rTiaterials'' conjures up the Image a vast 
=— ^fggg JMt_e!'la|^.z^yices,- mi ^thfr^rticles to ajd in 
^teaching mathemattes: blocks, the abacus^ euisenaire rods, 
tefchip trading games ^ spinners, as well as calculators and 

computers, ideality, hcweyervls^^^ something else. 

Textbooks and tests predominate. 

Amouni of Use^ 

Research evidence, garnered from observing teachers and 
classrooms and from asking teachers ^ indicates that most 
teachers use one instructional material;^ the 4extboqk^e,g^ 
Welss^ 1978); Jn a siurvey by Scott (1983), fevk^ teachers in 
pnf djitrjct reported using any other materials more than 
five times a year. 

Furthermdre^ the use of non*textb6bk matefrials peaks in 
gfadfbl, andi^the percOTtage^ as Jrade jevfijn- 

crea^es. By the intermediate grades, few teachers use other 
materlalSi^ and by grade 7 the perccfntage is practically zero. 
::^!^^^t^^^^s f esjx^nd^o guestiohnajre^& in ways that 
indicate that they believe that the use of manipulative ma- 
terials is impbrtaht! 

MahipuiitKfi Materials 

THe eyrdehce on the value of the use of mantpiulatjve 

Increasing achievement, and ap^ar to be essentia] in pro- 
yidinj^ a finn fouhdatiqh for develop^^^^ mathematical ideas. 
Suydam and Higgins (1977) r^porte^ from^ an analysis^f a 
large number of studies that lessons: using manipulative 
ffiitenils h|veil higher:^ pfpblbijity of prpdUcihg greater 
mathematical achievement than do lessons in which such 
matenals are not used. This appears to be true across a 
yltl^^io^zf^.^^S^B^atlGS^tp^^ 

achievement level, at every ability level: Later research (e. 
g.. Canny, 1 984i continues to provide support fbr thjs fihd- 
l?ScStanleyJl^4) stated^that -mather^ 
practices played a significant role in the improved student 
ac^iieyement that bccu in his cqmparisbh of more ef- 
fective and less effective schools. 4n scores of other articles, 
the need to develop mathematical ideas with materials is 

Ur^e^linedv^ ---- - - ^- iz :z:zz iziz z zii: z:z 

it appears possibia that having children manipulate ma- 
terials themselves may not be necessary for some topics, 
Watchin^the^eache^^^ mode 
was sometimes at least as effective: It may be that at times 
it is easier to direct children s attehtibn to Impdrtant points 
when the teacher Isjn controi of the^ateriai - 
Many 61 the studies provide at least partial support for 
thezuseibf materials iri stages progressing fro^ concrete 
to pictorial to abstract or symbolic. The use of either or 
botK physical and pictorial aids results Jn sighificantiy higher 
achjeyf^nt 4hah- w^ iised. The de^ 

vejopmental ievel of the learner needs to be considered, but 
there is evidence that students can prbfil from the use of 
•^if^S^lals^^or man^ topics right ^hripugh ^hlor 4ligh ^chook 
The material needs to fit the mathematical idea — and the 
leaitier*s rieeds. 

Varying Jevels^^^ any^lass- 
rbbm. Most elementary school pupils, and many secondary 
school students, deal well only with syirlbbls that are closely 
PEBttlSSlbN TOfl^wbuciiHis 
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tied tb lhelr perceptions- ThuSi they need tb see cbricretel> 
?^at^2/3 of-2^ is^4/9Tinpt iiis^ ^ve^wn^^T^'l-z'^^fe 
a major reason for patterns of errors in using paper-and- 
pencil: prbcedures is that manipulative materials are aban- 
doni^ tqo earjy when they are tised Soatial-visual percep- 
tions strongly influence children's : mathematicai 
cohj^ptuliizatibhs, and learning requires active participatlbh 
by the learner. 

Mahipuiative rriateriais must be used at the right time^and 
In the right way ifztheyiafe tabe Jffe^^^ 
1985): Materials must be selected with the mathematical 
purpose clearly in mind. Children's atteatlon must be focused 
©H: Jfte l^>iM^Mc?h^ztNey-^ ^Qi-^^'hk 
along" as they use materials^ The steps in the progression 
frbrh use of materials tb use bf symbbis: must be linked, 
wth meaning^eyelo^ed^ bridging frorn-coricrete4o 

abstract; thas^ manipulatives are used to **mirror'' or model 
what is dbhewith s^bbls, arid dlscussibh bh how 
ulatives relate to symbols must be encouraged. As Campbell 
indicated,- **Ybung children have differing interpretations cf 
gLCgirfS: and: may ifiot perceiy fj the^ fflathemaj ical rel ation- 
ships which are depicted. The transfer from concrete objects 
to pictures and from pJciures tb numerals must be tafjght; 
it cannot t>e assumed" (1984:16). 

Tes^ooks and teists 

- There js Httl^doubt^that textbooks^nct tests 
curriculum. Freeman et ah (1983)^ analyzed the extent to 
which thezsame tbpics are emphasized irv fbur textbbbks 
anbflve standardize tests^or grade 4. All materials dealt 
with cbmputatibn and gebmetry, but there the similarities 
ended. Of 385 topics idehtified in tlie jTiiteriaJs,^ bhjy 9 were 
commori to all tests, while 19 were represented in all four 
textbbbks. (It is important tb note.zhowever^ that this set 
topics deceived a Jreat-deal^ or attentiorb — 
approximately 50% to 60% of the textbooks:) Only six topics 
ware emphasized in all fbur textbbbks and bn all five tests. 
zzASiJhs i?|seafch^ n<??^.zj*Mlhy^f^^^ dHzt^ 
design of standardized tests make it unreasonable to expect 
3: bh^tpHorii oorrespbhder^ between cohteht covered jn 
textbooks and tests" (p. 508). Tests Include only a sample 
of the cbntent. However, the tbpics tested were not always 
those most amghlsized linztextbbbl^itzQyirLaJK the results 
'* suggest that diversity rather than consensus is Hkely to 
charactejize the raathematfcs currjcuJa" (p. 51 1). Further- 
?i?^^z "^^eh |he^ are Jfiismatcfe 

and content^ tested, standardized tests underestimate stu- 
dent achievemeht*' (p. 511). Thus, "any cbmparisbn br sim- 
ple !?*tergretatiorv of s|ude^ jjerf on^ 55 staridardized 
achievement tests must constderihe match between content 
taUgHt and ©3hteh| tested*- (p. 512). ^ : 

These findings btb suppc^ed by other studies: for in- 
stance^ Rbgers (1981)[ compared bbe state's minimum cbrn- 
tPtency ot^f^es l^peffc^^ice iridicatoj^ to the^ intent 
of two textbook series for grade 3-8. Twelve performance 
indicators received bo textbook instruction, and many in- 
diGators^re^ived littte pract^ - - z izzz :z z z 

Surprisingly, there is little evidence on how textbooks are 
used. Brown (I^^^J. however, prbvided evidence frbm ih- 
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teryiews. bbseryatibQS, _ah^^^ teacherfibf 
geometry and second-year algebra: They used special fea- 
tares of t^e textbook infrequently. The textbodk was hever- 
thelessLfcrtlbwed very PfestRted 
topics not in the textbook; The majoi^ objective tended to 
be to complete ihe exercises at the end of each section. 
THUS mathematics. Brown- states, -*^wa^ 
sterile sequence of homework-discussion-new homework;** 
How students leaiQ from textbooks has also rarely befn 
explpre^^ Neves (598i^ use<J a^t^puter prog^ 
examples in an algebra textbook, developing conjectures 
and demonstrating how it is possible tb gb frpmzhoyicfitp 
expert ^havJo^ through exp^ with examples; how 
examples vi^lth skipped steps can be learned froni: how it 
is possible to learn from examples embedded 4^^^^ 
aroptes; and so on. This type of computer technique may 
prove helpfuj in the development, as well as the ahatysis, 
of curricular materials. 

Cateuiators 

z NaMnaiiaises^OT indicate tftat mc^^ 

all grade levels have access to, or own, oalcujators. VVhile 
many teachers indicate that they believe that _calcu|atprs 
should bemused in schoolSvfa^ fewer actually use them (Reys 
et ai., 1980); Moreover, the arguments that have persisted 
since the mid-1970s, when ca^lcyiatprs first beefme viable 
for uoe In^choois as prices dropped, are still with us. Many 
people are stijj afraid that calculator use will mean loss of 
paper-ahd-pihcil bomputatidn skills (however little those are 
actually used in real life). 

Over 150 studies bri thei effects ^of calculator use were 
reyjewaj ^by Suydam 11982]. ^bout 4^a|f ^ 4hesej5tudi(ss 
had one goal; to ascertain whether using calcujators would 
harm students' mathematical achievement. In all but a few 

caicaiators were used for mathematics instractioftas when 
they were tidt used. Hembree (19&5), reviewing^ 79 studies, 
^nflrrned^hatd[except-^ one grade 4evel) use of calculators 
improved students' basic skills with paper and pencil. Mbns^ 
over, better attitudes toward mathema^^^^ especially 
be^er^lf-concept In mathematics were found. 

it has also been found that calculators are particularly 
helpfuJiih teaching mahjy^ mitherra^ f^^lem-soiv- 
ing achievement, for instance, is enhanced, and different 
strategies and solution methods are used, The calculatbr 
ma*esjthe fxpiorat^ of +>^gotheses fMsjble.-andis^usefj^^ 
in developing counting, computation, estimation, and other 
rhatematical skills. 

Computers 

:: Cbmputers have bee^ uifd ihisehopls Jiroe 4^ i?fOs. 
but of course attention today is focused on the use of 
microcomputers. Surveys Indicate that microcdmputers are 
fpyndjiirv welt pyer J^flf: ^►f::Pur- schools, zihd their 4ise^n 
mathematics classes accounts for a large proportion of their 
use. However^ the concern has shifted how they: are 
being nj^sed , ^th Jhe N ational Cc^o]: c^ z'^fMP'^srs of M ath- 
ematk:s — and most mathematfcs educators — taking the 
position thai no tbnger should the matiiematics teacher bf 
l^geiy^hcemed wjth teacblng^computer programming and 
computer literacy. We know from research that computers 
can be used effectively for problem sp!yihg, drli and j)^^^ 
tutorial instruction (CAI), management, games, program- 
ming, and simulations. The focus for mathematics teachers 



is now on ways to incorporate computer applications more 
mMnihgfulIy into mathem^^ 

:: iTJiSiifnpletzOn thej?urN^^ 

noiogicai tools has yet to be feit: Moveover, concern has z 
increased about the role of textbooks and tests^ TogetH^fO 
thefchaye fprmeda chjck^^egg anaicgy for 
textbooks "cannot" change until tests do ; and tests ''can- 
nbt'- chahge until textbooks dp. How to break thjs cycie, 
§?zi^^=^^®z^^^???^^cs ourrlculum can keep pace with 
changing societal needs, isihe concern of severaL groups^ 
most hptably the NatiphlL Cpuheibpf TeacherjS of zMathe^ 
mattes ^jid tlie Association for Supervision and Curriculum 
Development. 
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